Background. Globally, most deaths due to childhood pneumonia occur at the community level. Some countries are still using oral co-trimoxazole, despite a World Health Organization recommendation of oral amoxicillin for the treatment of fast-breathing pneumonia in children at the community level.
outpatient basis in low-human immunodeficiency virus settings [11, 12] . No published data exist on the effectiveness of 3-day oral antibiotics for fast-breathing pneumonia treatment by CHWs.
We undertook 2 parallel trials in the Haripur District of Pakistan: 1 to assess the management of chest-indrawing pneumonia (reported elsewhere) [13] and the other to assess the management of fast-breathing pneumonia in children 2-59 months of age by CHWs, called lady health workers (LHWs). We report here the results of the fast-breathing pneumonia trial.
METHODS

Study Design and Intervention
We conducted a cluster-randomized, equivalency trial among children 2 to 59 months of age with WHO-defined fastbreathing pneumonia. Children were treated by LHWs with 3 days of oral amoxicillin in intervention clusters and 5 days of oral co-trimoxazole in control clusters.
Study Setting and Population
Details of the setting, the population, and the LHW program have been previously reported [13] (see Supplementary Material Box 1).
Randomization and Masking
The severe pneumonia study [13] and this study had the same population, study period, and randomization technique. Clusters were defined as the 44 union councils within the Haripur district. We randomized at the cluster level because the intervention was focused on training lady health workers, and any training would likely have affected the provision of care to control patients had we randomized at the individual-patient level. We excluded 16 union councils that were located in an urban area [7] or were inaccessible [9] , and randomized 28 clusters with 511 LHWs. A WHO expert not associated with the trial performed the stratified randomization of clusters using STATA (version 10.0). Stratification was based on child population and mortality and literacy rates of mothers [14] . This was done to attempt to minimize confounding. Caregivers and study personnel were not masked to the treatment assignment.
Screening and Enrolment
LHWs screened all children 2-59 months of age presenting with a cough and fast or difficult breathing (see Table 1 for eligibility criteria). A single, respiratory-rate cut-off of ≥50 breaths per minute was used in the trial, in accordance with the National LHW program guideline for the classification of fast-breathing pneumonia [15] .
Ethical Issues
Ethical approval was provided by the WHO Ethical Review Committee and the Technical Committee on Innovations of the National LHW program. Boston University's Institutional Review Board gave approval for analysis of anonymized data. Children's legal guardians provided written informed consent.
Case Management Training
From each of the 28 public health facilities, 2 health care providers (doctors, lady health visitors, or medical technicians), all previously trained in Integrated Management of Childhood Illness (IMCI), were provided with additional development as trainers in pneumonia case management by Master Trainers at the District Headquarter Hospital in Haripur.
The LHWs in the control (245) and intervention (266) clusters received training in the national program protocol for the management of fast-breathing pneumonia [15] . Intervention-cluster LHWs received additional training for the treatment of fastbreathing pneumonia with oral amoxicillin. Both groups also received standard training in the study procedures. More details have been reported elsewhere [13] .
Treatment and Follow-up
In the control clusters, LHWs treated fast-breathing pneumonia as per the LHW program standard of care [15] , using oral co-trimoxazole at 40 mg sulphamethoxazole/8mg trimethoprim/kg/day (200mg sulphamethoxazole/40mg trimethoprim/5 ml), given twice daily for 5 days. In the intervention • Child aged 2 to 59 months, presenting to lady health workers with fast-breathing pneumonia (cough and/or difficulty breathing, with a respiratory rate of 50 breaths or more); and
• Residing in the study area (ie, intervention or control clusters).
Exclusion criteria
• Chest-indrawing pneumonia (lower chest indrawing, regardless of respiratory rate, in children with a history of cough and/or difficulty breathing);
• Very severe disease (presence of any danger sign in a child with history of cough and/or difficult breathing: unable to drink/breastfeed; convulsions; vomits everything; abnormally sleepy/difficult to wake);
• Diarrhea, with severe dehydration;
• Severe clinical malnutrition;
• Previously enrolled in the study in the prior 2 weeks;
• Caretaker refusal to participate in the study; or
• Already on antibiotic treatment.
clusters, LHWs treated fast-breathing pneumonia for 3 days with oral amoxicillin at 50mg/kg/day (250mg/5ml), given twice daily. LHWs followed up on all children, either in their homes or at their health house, on days 2 and 14 after enrollment for the assessment and recording of clinical outcomes on standardized forms. The LHWs also visited children in the intervention clusters on day 4 and in the control clusters on day 6 upon completion of therapy to assess their outcomes. Adherence was defined as the receipt of all 6 doses of oral amoxicillin for the intervention-cluster patients and 10 doses of oral co-trimoxazole for the control-cluster patients. It was assessed during each follow-up visit by asking caregivers to confirm the quantity of medicine given for each dose and whether any dose was missed, and by checking the remaining antibiotic liquid in the bottle.
Supervision and Quality Assurance
Data collection assistants independently verified both the diagnoses of pneumonia among all cases (within 24 hours of enrollment by LHWs) and all treatment failures ( Table 2 ). An independent assessor (study physician) not involved with the treatment of the child and not blinded to the cluster assignment verified 5% of all treatment-failure cases. Other details of data collection assistants' training, supervision, follow-up, and efforts to maintain the skills of LHWs have been previously reported [13] (see Supplementary Material Box 1).
Statistical Analysis
The primary outcome was treatment failure (Table 2 ) at the end of the course of treatment (day 4 in the amoxicillin group and day 6 for the co-trimoxazole group). This study was powered as an equivalency trial, assuming 90% power, an alpha of 0.05, a failure rate in the control clusters of 9% [10] , and a design effect of 2 to account for the clustering [14] . We defined equivalence as an upper and lower 95% confidence interval (CI) between +/-5% on the risk difference (RD). This implies that our risk difference would need to be close to 0% for the confidence limits to be within this range. The sample size for the chest-indrawing trial was 2772 cases [13] . As fast-breathing pneumonia is more common than chest-indrawing pneumonia, all eligible cases of fast-breathing pneumonia presenting to the health facilities during the chest-indrawing pneumonia trial period were enrolled.
The primary analysis was per protocol, as the study was designed as an equivalence trial, but we also conducted an intention-to-treat analysis. We compared the proportion of children with treatment failures by study arms, using RDs and 95% CIs. We accounted for clustering through the use of generalized estimating equations in a linear risk model, with each union council included as a cluster, and adjusted for confounding of covariates in our model.
Role of the Funding Source
The World Health Organization was funded by the United States Agency for International Development to support the study. The United States Agency for International Development had no role in the design, conduct, or analysis of this study. The corresponding author had full access to all study data and had final responsibility for the decision to submit for publication.
RESULTS
We assigned 14 union councils to the intervention arm (266 LHWs) and 14 to the control arm (245 LHWs; Figure 1 (Figure 1 ). After exclusions, 9201 and 6548 cases of fast-breathing pneumonia were enrolled in the intervention and control clusters, respectively, and met the intention-to-treat analysis criteria. The median enrollment per cluster was higher in the intervention group (550 vs 380). After exclusion of those children lost to follow-up (21 intervention, 18 control) or protocol violations (27 intervention, 21 • Appearance of any danger sign (unable to drink/breastfeed, convulsions, vomits everything, abnormally sleepy/difficult to wake) up to day 4 in interventioncluster patients or day 6 in control-cluster patients;
• Appearance of lower chest indrawing anytime up to day 4 or 6;
• Change of antibiotic (through self-referral or by caregivers) anytime up to day 4 in intervention-cluster patients or day 6 in control-cluster patients; or
• Fast breathing (respiratory rate ≥50 breaths per minute) on day 4 in intervention clusters or day 6 in control clusters.
Relapse
After a child's signs disappeared on day 4 (intervention) or 6 (control), relapse was defined as the reappearance, through day 14, of any of the following:
• Fast breathing (respiratory rate ≥ 50 breaths per minute);
• Lower chest indrawing; or
• Appearance of any danger sign (unable to drink/breastfeed, convulsions, vomits everything, abnormally sleepy/difficult to wake).
control), 9153 cases in the intervention clusters and 6509 cases in the control clusters were included in the per-protocol analysis. The loss to follow-ups and protocol violations were all included as negative outcomes for the intention-to-treat analysis. The study arms were similar with respect to sex and other baseline characteristics, with minor differences in the age of children, the presence of very fast breathing, and temperatures in the 2 arms (Table 3) . We found strong concordance (97%) between LHWs and the independent assessors for the respiratory rate on the day of enrollment.
Study Outcomes
Overall, rates of treatment failure were low. By day 4, treatment failure among children in the intervention clusters (ie, receiving 3 days of amoxicillin treatment) was 3.6% (326/9153), versus 9.1% (592/6509) for the children in control clusters (receiving 5 days co-trimoxazole treatment; cluster-adjusted RD -5.5%, 95% CI -7.4--3.7%; Table 4 ). Even though this was an equivalency trial, we found 3 days of oral amoxicillin treatment to be superior to 5 days of oral co-trimoxazole treatment. The results differed little in the intention-to-treat analysis (RD -5.6, 95% CI -7.6--3.6%). The major reasons for treatment failure were the persistence of fast breathing, fever, or lower chest indrawing on days 4 and 6 in both groups and self-referral or a change of antibiotics by caregivers. After adjusting for baseline imbalances in age, very fast breathing, and fever, the risk difference increased slightly (RD -7.1, 95% CI -9.8--4.4%).
In the amoxicillin group, 9.8% (900/9153) of children did not complete the full course of treatment, vs 21.8% (1418/6509) of children in the co-trimoxazole group. In both the intervention and control clusters, treatment failure was 1.5 times higher among nonadherent patients, compared to adherent patients (Table 5) .
We identified several predictors of treatment failure in a multivariable analysis (data not shown). In addition to failure to complete the full course of treatment (RD 2.9%, 95% CI 1.6-4.1%), children 2-5 months of age (RD 5.4%, 95% CI 3.9-6.9%) and 6-11 months of age (RD 3.2%, 95% CI 2.2-4.2%) had substantially more treatment failures than children 12-59 months of age.
There were no deaths among study patients. Of the 8827 children in the amoxicillin group who were well on day 4, 47 (0.5%) relapsed between days 4 and 14. In the co-trimoxazole group, of the 5917 children who were well on day 6, 52 (0.8%) relapsed between day 6 and 14.
Adverse Events
Overall adverse events were 2.5% (386/15 662). In the 234 (2.6%) children in the intervention group, 152 (1.7%) developed diarrhea, 77 (0.8%) developed a skin rash, and 5 (0.05%) began vomiting. In the 86 children in the control group, 49 (0.8%) developed diarrhea and 37 (0.6%) developed skin rashes. Among those with adverse events, therapy was changed in only 15 (0.2%) children in the intervention group and 13 (0.2%) in the control group.
DISCUSSION
Our study shows that the treatment of fast-breathing pneumonia by LHWs with 3 days of oral amoxicillin resulted in a significantly lower treatment failure rate than the standard of care of 5 days of oral co-trimoxazole. Adherence to treatment was also much higher in the 3-day amoxicillin-treatment group. In both the intervention and control groups, treatment failure was 1.5 times higher among those children who did not complete antibiotic treatment. Treatment with 3 days of amoxicillin was safe, as there were no deaths or adverse events needing therapy changes, and the relapse rate was very low. The treatment failure rate in the amoxicillin group in our study was similar to the failure rate of 2.8% in the amoxicillin group of the placebo-controlled trial conducted in the squatter settlements of Karachi in infants less than 2 months of age with fast breathing [16] . The lower treatment rates in both studies probably are due to the availability of CHWs round the clock in the community, facilitating early care-seeking and the prompt initiation of treatment. The treatment failure rate in the co-trimoxazole group (9.1%) in our study was similar (9.5%) to the trial comparing 3 days of oral amoxicillin with 5 days of co-trimoxazole that was conducted in rural India [10] . Our findings are supportive of the previous outpatient trials that showed the equivalent effectiveness of 3 days and 5 days of oral amoxicillin treatment for fast-breathing pneumonia [8, 9] . Our treatment failure rate for the 3-day amoxicillin group was lower than that reported by the INDIACLEN Short Course Amoxicillin Pneumonia (ISCAP) [8] trial. Greenberg et al compared 3 days of amoxicillin treatment vs 5 days and 10 days of treatment in Israel for radiologically-proven pneumonia [17] . They found higher treatment failure rates in the 3-day group, as compared to the 5-day and 10-day groups. However, our study population differed from their study population, as our patients were enrolled in the community at an earlier stage of disease, whereas radiological changes appear later in the disease. A study that enrolled 2000 cases of fast-breathing pneumonia in 6 tertiary-care hospitals across Pakistan found radiological evidence of pneumonia in only 14% of cases [18] . In our study, in both the treatment groups, children under 12 months of age had a higher risk of treatment failure. In addition, children who were non-adherent to treatment were more likely to fail treatment than adherent children. The MultiCentre Amoxicillin Short-Course Therapy (MASCOT) [8] and ISCAP trials [9] also found higher risks of treatment failure in non-adherent cases, while MASCOT also found an increased risk among children under 12 months of age.
Previously-reported data from Pakistan have shown high levels of in vitro antimicrobial resistance to co-trimoxazole [19, 20] . Additionally, treatment failure rates with co-trimoxazole in Streptococcus pneumoniae bacteraemic children with pneumonia were 28%, compared to 0% for amoxicillin [20] . As our study did not collect any blood samples or nasopharyngeal swabs for bacterial culture, we could not tell whether the difference in treatment failure rates between co-trimoxazole and amoxicillin was due to high antimicrobial resistance to co-trimoxazole or due to a difference in the efficacy of these 2 drugs for pneumonia.
There is concern that, because specificity of the WHO diagnostic criteria for pneumonia is sub-optimal [21] , many children presenting with fast-breathing pneumonia may not have bacterial disease and, thus, may not need antibiotics [22] , thereby increasing pressure on antimicrobial resistance [23] . We agree that some children with fast breathing may have viral pneumonia, while some may have a combination of viral and bacterial pneumonias. Awasthi et al reported a higher treatment failure rate with placebo compared to 3 days of amoxicillin for fast-breathing pneumonia in children 2-59 months of age [24] ; similarly, Tikmani et al reported 2 times higher treatment failure for placebo, compared to amoxicillin, among infants under 2 months of age with fast breathing [16] . Data show that the WHO's standard case management of pneumonia reduces antibiotic use through rational use [25, 26] .
Shorter courses of amoxicillin therapy have substantial benefits for patients, families, and the health system. First, they could result in less pressure on antimicrobial resistance, as reported in Schrag et al [27] . Patients who received 5 days of treatment of amoxicillin had a lower risk of penicillin nonsusceptible pneumococcal carriage, compared to those who received 10 days of therapy. ISCAP reported patients in the 5-day amoxicillin-treatment group had significantly higher rates of resistance to S. pneumoniae 15 days after enrollment, compared to the 3-day amoxicillin group [9] . Second, shorter courses of antibiotics could improve both treatment adherence and treatment outcomes, as reported by MASCOT [8] , ISCAP [9] , and our study. Finally, 3 days of amoxicillin treatment costs less, either to families if paid out of pocket or to the health system if provided free of charge to patients. ISCAP estimated that the average, direct medical cost for 3 days of therapy was 40% less than 5 days of therapy [9] .
The main strengths of our study were that it was a clusterrandomized trial in a public-sector, community-based program in a rural setting, covering 2 pneumonia seasons. Second, we had a very large sample size, with minimal loss to follow-up. Third, we included independent confirmation of treatment failure and an assessment of adherence. The limitations included greater enrollment of cases in the intervention clusters, compared to control clusters, likely due to the communities' greater familiarity and knowledge about the program in intervention clusters, where LHWs were also treating chestindrawing pneumonia in the community [13] . Second, the study was not blinded, as it was not practical in a community trial. Third, there was higher treatment failure in the control group, due to change in antibiotic criterion, which could be due to the longer duration of treatment, which could motivate caregivers to seek other sources of treatment in case of persistence of symptoms. However, this demonstrates the benefit of short-course therapy. Finally, our study did not employ any microbiology tests or radiology to assist in the diagnoses of pneumonia, as it was not feasible to do so at the community level. As our study was integrated into the existing, public-sector, community health delivery program, the results can be easily translated into policy. Pakistan has 1 of the highest under-5 child death rates globally, with pneumonia as the leading cause of death [1] . Immediate and effective measures are required to address it. Along with other preventive interventions highlighted in the Global Action Plan for Pneumonia and Diarrhea [28] , making treatment available with low-cost, shortcourse antibiotics at the community level could improve pneumonia outcomes, prevent unnecessary deaths, and accelerate the pace of reduction in mortality among children under 5.
The WHO IMCI treatment for fast-breathing pneumonia in health facilities is oral amoxicillin for 3 days in low-human immunodeficiency virus settings [11] , which has not yet been extended to CCM [29] . The inconsistency between IMCI and CCM for fast-breathing pneumonia may create confusion among caregivers and trainers of CHWs. Harmonization of treatment recommendations will reduce this confusion. LHWs were able to identify cases in the community early, leading to the prompt management and resolution of pneumonia cases and resulting in fewer treatment failures and no deaths. Extending the WHO recommendation of 3 days of amoxicillin therapy for fast-breathing pneumonia to CCM could improve access to effective, safe, and low-cost treatment for children.
